The field of solid polymer electrolytes continues to exist as the topic of scientific fervour for their inherent ability to be used in high energy density, solid state batteries etc. [1] . These materials can be obtained by the complexation of lowlattice energy salts with solvating polymers [2, 3] . Out of the many existing solvating polymers, poly(ethylene oxide) is considered to be the most commonly used polymer, because it can solvate a wide variety of salts through the interaction of its ether oxygen with cations. It is a general belief that the ion conduction in an amorphous homopolymer beyond the glass transition temperature occurs in two ways [4, 5] . The first way is by means of the segmental motion of the polymer chains encompassing the salt ions which creates a liquid-like milieu around the ion. The ions move about by hopping among the neighbouring liquid-like atmosphere. This type of conduction depends upon the ability of the interaction between the ion and the polymer chain.
methacrylate) (PMMA) [8] , poly(vinyl pyrrolidone) (PVP) [9] , poly(vinylidene flouride-co-hexafluoro propylene) (PVdF-co-HFP) [10] , etc.
Among them, poly(vinylidene chloride-co-acrylonitrile) has drawn much attention of researchers, because it is a co-polymer having reasonable thermal and mechanical properties. In addition to that, its use in polymer electrolyte is very limited and whose amalgamation with PEO increases the homogeneity of the blends. The choice of the salt is actuated by the smaller size of the cations, larger size of anions and low dissociation energy. The lithium salts like LiX (X = N(CF 3 SO 3 ] . The characteristics and electrochemical performance of these polymer electrolytes were studied and the results are discussed.
Experimental technique
The poly(ethylene oxide) with average M w ~ 8000, poly(vinylidene chlorideco-acrylonitrile) having average M w~ 150,000 and salts LiN(CF 3 SO 2 ) 2, LiBF 4, LiClO 4, andLiCF 3 SO 3 were purchased from Sigma Aldrich U.S.A. The fixed weights of PEO, PVdC-co-AN and salts were separately dissolved in anhydrous tetrahydrofuran (THF; Merck). Then, the solutions of PEO and PVdC-co-AN were poured into a conical flask along with one of the salt solutions and stirred together with the help of rotating magnetic stirrer. A homogeneous mixture of the solution was obtained after 24 h of stirring. The highly viscous solution was degassed to remove the air bubbles if any.
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Subsequently the homogeneous solution was poured into well-cleaned glass plates.
The residual solvent was removed by placing the glass plates in a vacuum oven for about 12 h at a temperature of 50°C. At last, the polymer electrolyte films were smoothly removed from the glass plates and cut into desired shapes. These films were kept in evacuated desiccators for preservation.
The prepared polymer electrolyte membranes were subjected to various analytical techniques. The X-PRO PANalytical X-ray diffractometer to structurally characterize the blended films at room temperature. The complex formation was confirmed by FTIR analysis in the range 400 4000 cm -1 by employing SPECTRA RXI, Perkin Elmer spectrophotometer.
The ac impedance analysis was carried out by sandwiching the polymer electrolyte film between the stainless-steel blocking electrodes using a computer controlled micro A thermal stability of the prepared blends was characterized from room temperature to 750°C with the scan rate of 10°C min -1 using PYRIS DIAMOND TG/DTA analyzer.
The glass transition temperature of the prepared films was found by differential scanning calorimetric study with Mettler Toledo DSC (822e) instrument. The photoluminescence study was performed by Cary Eclipse Fluorescence Spectrometer.
JEOL, JSM-840A instrument was employed to investigate the surface morphology of the film having a maximum ionic conductivity. The topographic images of the film with maximum ionic conductivity were examined by AFM (A100SGS to the planes (1 2 0) and (0 1 0) respectively substantiate its semi-crystalline nature.
The peaks of pure PVdC-co-AN at angles the respective planes (1 0 5), (2 0 2) and (2 1 2) show its crystalline nature. It is to be noted that none of the peaks pertaining to the pure salts are appearing in the XRD patterns of the prepared blends. In addition to that, the doping of various salts with PEO and PVdC-co-AN has reduced the intensity of PEO peaks and vanquished the peaks of PVdC-co-AN. This could be explained in terms of Hodge et al. [11] criterion which has ratified a correlation between the height of the peaks and the degree of crystallinity. Fig.6 .1 also illustrates that the intensity of PEO peaks is maximum for the sample complexed with LiCF 3 SO 3 and gradually decrease from LiClO 4 to LiN(CF 3 SO 2 ) 2 which exactly match with the conductivity values of the impedance plots.
FTIR Studies
The chain structure of the polymers is characterized by FTIR analysis. The presence of the functional group is also ascertained by this study. Besides, it is used to 120 interpret the multifunctional monomers including rearrangements and isomerisations.
The wavelength or frequency bands are used to represent the electronic structure and state of an atom. Interactions among the atoms or ions induce the changes in these electronic levels, which results in the redefinement of the spectrum. Fig.6 .2 shows the FTIR plots of pure and the prepared samples. Table 6 .1 displays the various band assignments corresponding to the wave numbers.
The broad vibrational peak around 3445 cm -1 pertains to the water or moisture absorption of -OH group [12] which should have occurred while the sample was prepared for spectral analysis. The strong vibrational bands of PVdC co AN are found around 2245 and1642 cm -1 respectively [12] . The robustious absorption band around 2800-2950 cm -1 is ascribed to the symmetric and asymmetric modes of C H in CH 2 group [13] .
The ether oxygen group stretching vibration in PEO at 1799 cm -1 has been shifted between 1786 and 1794 cm -1 in the various complexes due to its interaction with the Li cation [14] . The peak close to 1468 cm -1 relates to the CH 2 scissoring in PEO [15] . The peak around 1360 cm -1 corresponds to the asymmetric wagging of CH 2 in PEO [16] . The symmetric twisting mode of CH 2 in PEO exhibits a peak near 1242 cm -1 [14] . The intense peak in the vicinity of 1100 cm -1 is attributed to the stretching vibrations of the C-O-C bridge in PEO [17] . The Li + ions associate with the nitrogen atoms of the Nitrile group since the Nitrile group is a strong electron dopant in acrylonitrile based electrolytes [18] . It is observed that the characteristic peak -1 ) has been shifted with the addition of various lithium dopants. This indicates the strong interaction of Li + ion with the Nitrile group.
-symmetric vibrational peak of free (SO 2 ) -1 anions of the sample SC1 is found at 1224 cm -1 [19] . The peak relating to the vibrational mode of free BF 4 -anions has been shifted to 762 cm -1 [20] instead of to be around 784 cm -1 . The free triflate anion vibration appears at 749 cm -1 [21] . The peak at 671 cm -1 belongs to the coordinated ClO 4 -anion vibration [22] . In addition to this, the shift in the peaks, the appearance of few new peaks and the disappearance of some existing peaks substantiate the complete redefinement and complex formation of the samples.
Complex impedance analysis
The ionic conductivity measurements taken using the ac impedance spectroscopy facilitate us to understand the part and function of the conducting species and mobility. The complex impedance plots of PEO(80wt%)/PVdC-co-AN(20wt%)/LiX(8wt%) where X = N(CF 3 SO 2 ) 2 , BF 4 , ClO 4 and CF 3 SO 3 at ambient temperature in the frequency range 100Hz to 300KHz are shown in Fig.6 .3. It is obvious from the figure that the plots of the samples SC1 and SC2 show only the lower frequency spikes which signify the build up of charges at the electrodeelectrolyte interface by means of polarization. These spikes are presumed to be parallel to the imaginary axis, but they are inclined by making some angles with the imaginary axis because of the double layer formation of the blocking electrode [23] .
But the impedance plots of the samples SC3 and SC4 show a little trace of the high frequency semi circle which denotes the relaxation process coupled with the bulk of the polymer electrolyte. This bulk of the polymer electrolyte can be considered to be the parallel combination of bulk resistance and bulk capacitance caused due to the polarization of ions and the stationary polymer chains polarized by the applied field respectively. Apart from this, the low frequency spikes inclined to the imaginary axis are also present and represent that the conductivity in this region is prevailed by ions.
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The formula b A) is used to calculate the ionic conductivity of the sample,
A l
thickness of the film and the value of bulk resistance (R b ) is taken on the X-intercept of the Cole-Cole plots.
Among the four polymer blend electrolytes, the film with the imide salt shows maximum ionic conductivity which is found to be 0.265×10 -5 Scm -1 . The observed difference in ionic conductivity of the samples may be due to the difference in lattice energy. The presence of the two different solvating species in LiN(CF 3 SO 2 ) 2 might be the reason for the maximum ionic conductivity of the sample SC1. These two different solvating species establish long-range columbic force which produces more free ions. Barring that, the imide anions could afford a high degree of negative charge dispersion when compared to other lithium salts in a given salt concentration [24] .
Similar observations have also been reported by Immanuel et al. [25] and Stephen et al. [26, 27] . As a crown to all these properties, imide salt could also act as a plasticizer at elevated temperature, which further influences the degree of dissociation and hence the sample SC1 exhibits maximum ionic conductivity.
The conductivity as a function of inverse temperature has been plotted as . The fact that equation can be applied to conductivity implies that, as with viscosity, ionic conductivity in polymers is strongly coupled to the flow behaviour of polymers. Lower T g and a fully amorphous morphology produce greater polymer flow and ionic diffusivity. That is to say that maximum ionic conductivity is obtained for the sample with low T g .
By the addition of various lithium salts into the polymer matrix, the intensity of the peaks changes in XRD. However, the sample with LiN(CF 3 SO 2 ) 2 (SC1) shows the minimum intensity which reveals the amorphous nature. This amorphous nature is responsible for higher ionic conduction. Hence, our conductivity result is well correlated with XRD results.
Thermogravimetry/differential thermal analysis (TG/DTA)
TG analysis is a technique used to measure the changes in the weight of the samples as a function of temperature. In addition to that, the changes in the sample composition, thermal stability and kinetic parameters are understood from the TG studies. But in DTA, the temperature of the sample is compared with that of an inert reference material during a programmed change of temperature. TG/DTA plots of the electrolyte films are shown in the Fig.6 .
(a-d).
The plots show that the weight loss takes place in three steps. The first weight loss of the films is observed from 71 to 77°C. This is a scanty weight loss around 2-3%, which may be due to the removal of the residual solvent and moisture. The second weight losses of the films are found at 212, 248, 271 and 260°C and they are 13, 12, 21 and 10wt% respectively. These weight losses might be associated with the structural changes in the polymers. The final stage of weight losses 92, 89, 62 and 78wt% at temperatures 418, 418, 309 417°C were observed in the films SC1, SC2, SC3 and SC4 respectively. Table 6 .3 shows the changes in weight loss with the variation of temperature. The maximum thermal stability 224°C is observed for the sample SC4. The DTA plots show endothermic and exothermic peaks in the temperature range 69 to 80°C and 218 to 277°C respectively, which are well correlated with the TG results of the samples.
DSC analysis
This technique is used to know the changes in the heat capacities of the The DSC curves of the prepared samples are shown in Fig.6 .6. The curves illustrate a phase transition from 30 to 37°C which is attributed to the glass transition temperature of the films, because the glass transition temperature of PEO is -53 to -45°C and that of PVdC-co-AN is around 50°C. The minimum value is observed for the sample SC1 and this might be the basis for the higher ionic conductivity of SC1 in this present work.
Photoluminescence studies
Photoluminescence analysis is a non-destructive technique. Indeed, the technique requires very little sample manipulation or environmental control. It is a powerful tool to characterize the surfaces and interfaces. Therefore, the polymer electrolyte films were subjected to photoluminescence analysis at an excitation wavelength of 280nm. Fig.6 .7 shows the photoluminescence plots of the various samples. It could be seen that the film SC1 displays the minimum fluorescence intensity. Since the intensity is inversely proportional to the local free volume and is directly associated with the local viscosity [29] , the sample SC1 is supposed to have large free volume and low viscosity. The availability of this large free volume and low viscosity gives rise to the maximum ionic conductivity of the sample SC1 [30] .
Scanning electron microscopic studies
The surface morphology of the film was studied by scanning electron microscope. The micrographs of the film (SC1) having a maximum ionic conductivity are shown in Fig.6.8 (a and b) . The presence of a tail like interconnected polymer chains and maximum number of micropores [31] in the morphological images of the film with two different magnifications 1000 and 100X disclose the reason for the maximum ionic conductivity of the film SC1. The evaporation of the solvent from the membrane might be the rationale for the formation of these pores which enable the film for entrapment of large volumes of the liquid and to enhance higher ionic conductivity. Besides, the surface morphology of the film unveils the fact that there is no separate phase between PEO, PVdC-co-AN and the salt. This shows the proper miscibility which concurs with the X-ray diffraction pattern.
Atomic force microscopic analysis
Atomic force microscope (AFM) is used to examine the topographical images of the films. Initially, AFM studies were aimed to visualize the polymer morphology, nano structure, and molecular order and these investigations have been performed on a large number of polymer samples [32, 33] . But due to the advent of new AFM, the surface features as well as the underlying near surface sample structures of the polymers could be studied. nm [34] . The segmental chain length is found to be 1000 nm. Thus, the higher ionic conductivity is obtained for this sample which possesses a large number of micropores.
Cyclic voltammetry (CV)
The cyclic voltammetry study is carried out for all the prepared samples with a constant scan rate of 50 mV/s as shown in Fig.6.10(a) . The potential at which there is a rapid rise in current is observed and continued to increase when the potential is swept in the same direction is considered to be the stability limit of the electrolyte system. The CV plots show that the stability of the films varies from -0.58 to -0.76 V and 0.66 to 0.83 V. All the plots show poorly defined anodic peak in the potential range +0.003 to +0.2 V and the cathodic peaks in the range -0.44 to -0.16 V. These redox peaks may be due to the strong participation of capacitive current [35] .
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The CV plots for different scan rates (25, 50 , 100 and 150 mV/s) of the sample SC1 prepared with imide salt are shown in Fig.6 .10(b). The poorly resolved anodic and cathodic peaks range from 0.028 to 0.25 V and -0.3 to -0.15V respectively. It is also noted that the area of the rectangular loops increases with the increased scan rate.
Linear Sweep Voltammetry (LSV)
The linear sweep voltammetry is used to investigate the electrolyte potential stability of the prepared films. Fig.6 .11 shows the LSV plots of the samples with a constant scan rate of 50 mV/s. It is observed that the electrochemical stability window ranges from -2.8 to +2.7 V. Thus, the decomposition process of the polymer electrolytes starts from 2.7 V in the high anodic region and -2.8 V in the lower cathodic region [36] . sample SC1 with different scan rates. 
